oil erosion by water is a complex mechanism that depends on various land use, weather, hydrologic, topographic, and soil properties. The combination of these factors dictates the rates at which sediment detachment, transport, and deposition occur. Although there has been much study of many aspects of soil erosion, the overall picture is not complete. One area requiring further study is the effect of rainfall, infiltration, and sediment type on sediment deposition in concentrated flow in a rill with shallow water flow depths. This is especially important for parameterization of deposition equations used in physically based erosion models, such as the Water Erosion Prediction Project (WEPP) developed by the USDA . Of particular interest in this study were the (1) where G is the sediment load per unit width (ML −1 T −1 ), x is the distance along the channel (L), D r is the net deposition rate in rills (ML −2 T −1 ), q s is the lateral sediment inflow from adjacent contributing broad shallow flow areas (ML −2 T −1 ), T c is the transport capacity (ML −1 T −1 ), and a is a first-order reaction coefficient (L −1 ). The a coefficient is computed for a single particle size distribution (Foster, 1982) with the following parameters: V s is the effective particle fall velocity (LT −1 ), q is the flow rate per unit rill channel width (L 2 T −1 ), and b is a dimensionless turbulence parameter.
erosion equations used in WEPP for sediment deposition in a rill (Foster et al., 1995) : (1) where G is the sediment load per unit width (ML −1 T −1 ), x is the distance along the channel (L), D r is the net deposition rate in rills (ML −2 T −1 ), q s is the lateral sediment inflow from adjacent contributing broad shallow flow areas (ML −2 T −1 ), T c is the transport capacity (ML −1 T −1 ), and a is a first-order reaction coefficient (L −1 ). The a coefficient is computed for a single particle size distribution (Foster, 1982) with the following parameters: V s is the effective particle fall velocity (LT −1 ), q is the flow rate per unit rill channel width (L 2 T −1 ), and b is a dimensionless turbulence parameter.
The b constant is a catchall parameter that includes the turbulence of the rainfall and is theoretically bounded from zero for shallow flows and high turbulence to one for deep flows and low turbulence. b is set to 0.5 for shallow flow under rainfall in a rill in the WEPP model, but this value could potentially be improved by taking into account differences in turbulence induced by varying rainfall intensities and flow depths. The experiments in this study were S designed to help in the understanding of the turbulent effects of rainfall intensity and flow depth on deposition of sediments and therefore to improve the accuracy of this parameter. Moss and Green (1983) conducted experiments indicating that transport rates peak when raindrops impact flows that are between two and three drop diameters deep. It was also found that transport rates tend to vary linearly with flow velocity and that rainfall does not affect sediment transport for slopes greater than 9%, probably because of the high flow velocity at those slope gradients (Moss et al., 1979) . In a study performed by Schmidt (1991) , the direct impact of rainfall on sediment transport decreased with slope length because flow depth increased downslope. Some studies seem to indicate a definite relationship between rainfall intensity, slope, and sediment transport. These relationships incorporate other effects, such as flow velocity varying with rainfall intensity, but they do not account for flow depth. As Kinnell (1991) stated, the results of many of these experiments may have been misinterpreted because the effects of flow depth on erosion by rain-impacted flow were ignored. Kinnell (1991) verifies the work done by Moss and Green (1983) by stating that flow depth has a significant influence on the transport of particles when flow depths are less than three drop diameters. He also proposes an analytical theory for the transport of particles by raindrop-induced flow transport (RIFT) to examine the effects of rain, flow, and particle characteristics on the movement of soil material in overland flow. The term raindrop-induced flow transport (RIFT, Kinnell, 1988) was introduced to describe the effects of rainfall impacts that induce flow to transport particles, which the flow would not be able to do on its own. Beuselinck et al. (1999) and Beuselinck et al. (2002) reported results of laboratory studies of sediment deposition from overland flow under no rainfall and rainfall conditions, respectively. In these experiments, sediment-laden water was introduced at the top of a 2.6 m long by 11.7 cm wide non-infiltrating flume, and in the second study subjected to a rainfall rate of 45 mm h −1 . Silty material was used, with about 90% of the sediment less than 63 mm in size. These studies provided very valuable information on sediment transport and deposition for fine materials under a relatively low-intensity rainfall. The experiments conducted by Moss and Green (1983) , Moss (1988) , Kinnell (1991) , and Beuselinck et al. (1999 Beuselinck et al. ( , 2002 made significant contributions to the understanding of the influences of rainfall on shallow flow; however, they were largely directed to simulation conditions of overland flow. Although the results are still valuable for the study of shallow flow in rills, actual experiments on the effects of channelized flow on sediment transport are needed under a range of rainfall and inflow sediment rates.
This article reports on a series of experiments in a hydraulic flume specially designed to quantify the interactions between flow depth, rainfall intensity, sediment type, and other factors on the deposition of non-cohesive sediment in a shallow concentrated flow rill. The objectives of the study were: (1) to determine if rainfall intensity, infiltration rate, and incoming sediment concentration had a significant effect on the deposition of non-cohesive sediment under shallow water flow in a rill, and (2) to test whether the b turbulence parameter in the WEPP deposition equation was adequately represented for non-cohesive sediment.
MATERIALS AND METHODS

EXPERIMENTAL SETUP
A hydraulic flume was designed to simulate conditions in an agricultural rill. The experimental setup included a 3.6 m long by 0.25 m wide flume with sediment feeders at the top and sides of the rill, rainfall simulators, and a laser micro-topography scanner. The setup was named the rill simulator ( fig. 1 ) and was designed to study the effects of slope, rill width, sediment input from the top and sides, infiltration rate, sediment type, flow depth, and rainfall intensity on deposition in a rectangular rill. The rill slope was changed using a manual crank, and the rill width was set to 25 cm for all experiments to simulate agricultural rills. Rotating sediment feeders delivered sediment to the top and sides of the rill. Water inflow was mainly delivered to the top of the rill, but about 5% of the water inflow was delivered to the sides of the rill, resulting in wet sediment being introduced to the rill from the top and sides. The water inflow rate to the rill was controlled by a set of gauges and pumps, and infiltration rates were controlled by numerous hoses that drained the bottom of the rill and were connected to a single adjustable flowmeter. Rainfall intensity was set for each experiment by using a programmable laboratory rainfall simulator , and a system of plastic covers limited rainfall to the surface area of the rill. The laser scanner was used to measure the surface [a] Represents the number of repetitions for each different run; not all repetitions greater than 2 were used as some were discarded due to errors identified during or after the run. [b] Only one repetition was made because this was only an initial test run for different slopes.
of the sediment bed before and after each experimental run and obtain a digital image and measurement of the deposition and detachment that had occurred as a result of the experimental treatment. The vertical resolution of the scanner is under 0.5 mm, and the horizontal resolution was set to 1 mm along the length of the rill and 5 mm along the cross-section.
Nine groups of experiments were conducted with a variety of rainfall intensities, infiltration rates, water flow rates, sediment types, and sediment feed rates to study the complex interactions between these factors (table 1). Experiment groups A through D were a series of experimental runs to test the erosional and depositional characteristics of the rill simulator. In experiment group D, only one repetition was conducted at each of four slopes because the purpose of the test runs was to identify slopes in which sand was in a depositional regime. For experiments E through I, slopes, water inflow rates, and sediment feed rate conditions were selected accordingly to obtain shallow flows and to reach a depositional stage for the specific sediment being studied under 0, 80, and 160 mm h −1 rainfall intensities. Experiments in groups E and G with 80 and 160 mm h −1 of rainfall and zero infiltration were conducted to study deposition under saturated soil conditions utilizing silica sand and glass beads.
The sediment materials varied in size, density, and fall velocity (table 2 and fig. 2 ). Specific gravity of the sand and glass beads was 2.50 to 2.65, but the plastic/glass aggregates were designed to have a specific gravity of only 1.25. Experimental fall velocities were measured using a Griffith tube (Hairsine and McTainsh, 1986) . Calculated fall velocities are not as reliable as measured fall velocities because calculations are based on an average shape factor; therefore, measured fall velocities were used for the modeling. The sand was a fine crystal silica Ottawa foundry sand from the U.S. Silica Company (0.330 mm). The glass beads were standard sandblasting abrasive spherical glass beads of U.S. sieve size number 70/140. The plastic/glass aggregate particles were created by impregnating standard spherical 3 mm polyethylene resin beads with the 0.15 mm glass beads. This was done by baking the plastic beads in a tray filled with the glass beads until the plastic softened and the glass beads became impregnated into the plastic beads. The silica sand and the glass beads erode in a similar way as natural sand. The plastic/glass aggregates erode similarly to a Cincinnati series soil, as demonstrated by conducting an experiment where the plastic/glass aggregates were well-mixed with this soil then subjected to various levels of inflowing water. Figure 3 shows that erosion rates were highly correlated between the plastic/ glass aggregates and the Cincinnati series soil at 10% slope [a] The fall velocity was calculated experimentally using the Griffith tube (Hairsine and McTainsh, 1986) . at nine different water flow rates. The beads (mixed in to comprise 5% of the in-situ soil) were detached and transported at about a constant 8% of the total sediment load ( fig. 3 ). With this material, which erodes similarly to a natural soil, it was therefore possible to study the differences in the effect of sediment size and density on deposition as influenced by rainfall intensity and flow depth.
Two types of measurements were obtained: sediment leaving the bed, and sediment being deposited on the bed. Sediment leaving the bed was measured by collecting outflow samples every minute during the 10 min runs. Sediment deposition on the bed was measured by taking topographic laser scans before and after each experimental run. From these scans, deposition quantities in control volumes along the rill for each experiment were calculated from the difference between the initial and final laser scans (Cochrane and Flanagan, 1997) . When rainfall was not present, the laser scanner could remain on top of the rill and initial and final scans would match perfectly. When rainfall was present, the laser scanner had to be moved between the initial and final scans. In order to increase the matching of the initial and final scan, thin metal strips were placed across the rill at the location where the longitudinal scans would begin and end. These strips acted as a guide to setting up the laser scanner in the correct position. Even with this extra measure, small dislocation errors (a few millimeters) occurred in the x, y, and z (height) dimensions.
A computer program was written to correct the errors by matching the location of the scanned metal strips in both the initial and final scan. Matches were done line scan by line scan, and a new data set was created for the final scan ( fig. 4) . The scan area for these sets of experiments was 6744.5 cm 2 , and the total rill surface was 8500 cm 2 ( fig. 4 dotted line) . In other words, the scan covered around 80% of the rill surface area, as compared to 57% for our previous detachment experiments using the same scanning method (Cochrane and Flanagan, 1997) . For this example ( fig. 4 ), deposition and detachment amounts were calculated for ten equal-sized intervals of the scan.
DEPOSITION AND SEDIMENT TRANSPORT MODELING
The deposition in a rill was modeled by using the WEPP deposition equations presented earlier. These equations were solved using a finite difference approach, which allows the estimation of deposition down the rill. Deposition in the rill, as measured by the laser scans or the difference between sediment input and output, was dependent on the sediment flowing in from the sediment feeders (G in ), the sediment fall velocity (V fall ), the flow rate (q), the turbulence factor (b), and the transport capacity in the rill (T c ). The turbulence factor (b) can be estimated in a similar way using the equations shown below together with measured values for the other parameters.
where G out and G in are the sediment load going in and out of interval (kg m −1 s −1 ), G acc is the accumulation rate (kg m −1 s −1 ), D r is the net detachment rate (kg m −2 s −1 ), L t is the distance downslope or length of the rill (m), b is the dimensionless turbulence factor, V fall is the effective particle fall velocity (m s −1 ), q is the flow rate per unit channel width (m 2 s −1 ), and T c is the calculated transport capacity (kg m −1 s −1 ). As mentioned earlier, the b factor is used to adjust the prediction for greater turbulence induced by a rainfall intensity and flow depth relationship, which may also be linked to particle size or density. The transport capacity of flow (T c ) is an important term that is used in determining the maximum allowable sediment in the flow for the given hydraulic conditions. There exist numerous sediment transport equations to estimate this value, but only a few are used for agricultural erosion prediction because of the shallow flows and low flow rates. Alonso et al. (1981) (1973), and Laursen (1958) formulas give the best predictions for all flows, but the Yalin formula is more appropriate for shallow flows with sands, silts, and lightweight materials. This equation has been analyzed by many, including Foster and Meyer (1972) , and based on its assumptions, derivation, and experiments, it seems to work well for predicting sediment transport in shallow flows. Subsequently, this equation was incorporated into WEPP and is used to determine the transport capacity of all sediments being modeled. The Yalin equation (Yalin, 1963 ) is represented by the following set of equations:
where P is a nondimensional sediment transport capacity, W s is the transport capacity (ML −1 T −1 , T c for uniform sediment), S g is the particle specific gravity, ρ W is the mass density of water (ML −3 ), d is the diameter (L), V * is the shear velocity (LT −1 ), Y is a function of shear velocity and particle diameter, Y CR is the ordinate from the Shields diagram (Shields, 1936) , g is the acceleration due to gravity (LT −2 ), R f is the hydraulic radius (L), s is the slope of the energy grade line, and t cs is the shear stress acting on the soil (MT −2 L −1 ). Modifications to the Yalin equation have been made by Foster (1982) to consider mixtures consisting of particles of varying sizes and densities and these have been included in WEPP and were used in the determination of transport capacity for these studies.
RESULTS AND DISCUSSION EXPERIMENTS WITH SAND
For conditions when rainfall intensity was equal to infiltration rate, there was no significant effect (ANOVA and T-tests with a = 0.05) of rainfall intensity on the deposition of sand, as shown in figure 5 for experiment group E. The deposition of sand for experiments A, B, C, D, and E (table 1) was mainly influenced by slope, water inflow, sediment feed rate, and infiltration (saturated vs. unsaturated conditions, which are presented later in this article). Although average values showed slight increases in deposition under the 80 mm h −1 rainfall intensity, there were no significant effects according to comparative T-tests (a = 0.05) of rainfall intensity on sediment discharge. Meandering of flow was not observed under rainfall; however, meandering was observed in the rill with no rainfall. Meyer et al. (1983) obtained comparable results for similar conditions of flow rates, rainfalls, and sand size and suggested that these conditions resulted in a transition phase in which rainfall intensity did not have an effect on sediment transport. Another explanation stems from visual observations that most of the sediment moved as bedload transport caused by the density of the particles and thus may not be as influenced by rainfall-induced turbulence. Foster (1982) mentions that the deposition equation could possibly be ignored for bedload transport, but may be significant for the transport and deposition of fine particles. Glass beads and plastic/glass aggregates were subsequently used to simulate uniform finer and less dense sediment under different flow conditions.
EXPERIMENTS WITH GLASS BEADS AND AGGREGATES
Experiments conducted with glass beads and plastic/glass aggregates showed that rainfall-induced turbulence had an impact on deposition. The level of this impact was dependent on whether the rill was in a high-deposition regime or a low-deposition regime. A high-deposition regime was achieved by having a larger interrill sediment contribution from the sides of the rill. Statistical T-tests (a = 0.05) showed that for fine glass beads, rainfall of 160 and 80 mm h −1 intensities caused significantly greater deposition than no rainfall under high deposition rates (100 g s −1 side feed rate), and 80 mm h −1 rainfall caused greater deposition than 160 mm h −1 rainfall ( fig. 6 ). Rainfall did not influence deposition of fine glass beads when the rill was in a low-deposition regime. The deposition of low-density plastic/glass aggregates was influenced by rainfall intensity at shallow flow depths ( fig. 7 ). Experiments conducted with the high sediment feed rate (34.4 g s −1 ) were under a depositional regime, and experiments conducted with the lesser sediment feed rate (13.9 g s −1 ) were under a detachment regime (i.e., negative sediment deposition).
Statistical T-tests (a = 0.05) show that within the depositional regime ( fig. 7) , the effect of rainfall intensity on sediment transport and therefore deposition is significant for experiments with the highest sediment feed rate. For lowdensity particles such as the plastic/glass aggregates, no rainfall and high-intensity rainfall diminish deposition, while deposition is greater at medium-intensity rainfall. This effect is also seen in the detachment regime, but it is more pronounced in the depositional regime. Additionally, shallower flow depths (at 20 L min −1 flow rate) show a greater deposition at medium-intensity rainfall, relative to no rainfall and high-intensity rainfall, than greater flow depths (at 30 L min −1 flow rate). A possible explanation for this could be the fact that meandering and concentration of water flow were observed during the deposition study when rainfall was not present. This meandering could have decreased the deposition by concentrating the water flow depth and increasing the transport capacity ( fig. 8 ).
Rainfall had a definite effect on the surface of the bed. When either the medium or high rainfall intensity was applied to the flow, the bed of the rill maintained a uniformly flat surface. Meandering of flow and formation of bed forms were greatly reduced and in most cases totally eliminated. Deposition areas were still present, but visual determination of these areas was difficult and could only be accounted for with laser scans. The high-intensity rainfall is thought to have increased flow turbulence, thus limiting deposition.
INFILTRATION EFFECTS
The influence of infiltration on deposition was studied in experiments D and E, as well as in the comparisons of experiments A with B and F with G. In these cases, deposition results from rainfall applied to a saturated (non-infiltrating) bed were compared to rainfall applied to an unsaturated (infiltrating) bed. Unsaturated conditions in the soil were represented by physically setting the infiltration rate equal to the (kg m −1 s −1 ) rainfall intensity. Although under saturated conditions it was expected that the additional rain water and possible turbulence would increase the transport capacity and diminish the deposition, results show that this effect is dependent on slope. Table 3 shows the influence of rainfall on a saturated bed as compared to unsaturated sand at 5% and 1% slope. Results for the 5% slope experiments (group E) show that saturated conditions had less sediment deposition (sediment accumulated) than unsaturated conditions. However, for the 1% slope experiments (groups A and B), the opposite was true. Although the data set is limited, it is interesting to note that for experiment group E the difference between saturated conditions and unsaturated conditions was only visible at the greater flow rate, although this is not obvious for the other experiments.
The results from experiment group D further show that there was a relationship between the effect of infiltration and the slope. In figure 9 , one can see that for slopes greater than 3%, saturated conditions increase the transport capacity and diminish the deposition compared to unsaturated conditions; however, when the slope is below 3% deposition is greater than in unsaturated conditions. This observation is corroborated by experiments F and G using a flow rate of 45 L min −1 , which show that sediment deposition under rainfall is lower in unsaturated conditions at a slope of 2% ( fig. 10) . The data set presented here was limited and further experiments are required to establish better relationships between deposition and saturated or unsaturated conditions.
SEDIMENT TRANSPORT AND DEPOSITION MODELING
Results of experiments conducted in this study showed that calculated sediment transport capacity (T c ) using the modified Yalin equation matched measured sediment output for experiments involving sand and experiments with plastic/glass aggregates at high sediment feed rates (experiment groups A through E and I in table 1, and fig. 11 ). These results indicate that the Yalin equation (WEPP) works well in estimating values for T c for both sand and plastic/glass aggregates. For the experiments with artificial aggregates with lesser sediment input (experiment group H in table 1), sediment output results were less than the calculated sediment transport capacity, implying that those experiments were in a detachment regime instead of a depositional or equilibrium mode. This was also confirmed by the laser scan results, as shown in figure 7 , where the deposition was below 0.
Average values of calculated transport capacities for experiments with 0, 80, and 160 mm h −1 rainfall intensities under unsaturated conditions were compared with measured values for sand, glass beads, and plastic/glass aggregates (table 4). The standard error (SE) and coefficient of variation (CV) was computed between the calculated T c and measured sediment output (G out ). The SE was calculated as the square root of the average square of differences between T c and G out , and the CV was calculated by dividing the SE by the average value of G out . Lower values of CV represent a better fit between T c and G out , as was the case for the sand and plastic/glass aggregates. Differences in CV can also be attributed to interactions between rainfall and flows rates that increase or diminish the CV between T c and G out . For experiments F and G with glass beads, the calculated transport capacity was less than the measured sediment output. This implies that the Yalin equation underpredicted the transport capacity for this sediment type. The glass beads' unique physical properties, such as their nearly perfect spherical shape ( fig. 2 ) and higher measured than calculated fall velocity (table 2) , may have contributed to underprediction of transport capacity with the Yalin equation.
Modeling of deposition was done to quantify the b turbulence factor based on the interactions of rainfall intensity with water flow depth. The calculation of the b factor is also dependent on the estimation of transport capacity. If transport capacity is above the sediment input (G in ), then the system is considered to be in a detachment regime, which requires the use of a different set of equations, and b can no longer be calculated. Therefore, all experiments where calculated transport capacity was greater than sediment input (G in ) were excluded from the analyses. This mainly excluded experiments with the artificial aggregates with low sediment feed rate (experiment group H), which were in a detachment regime. A negative b value would reflect conditions in which either G out was greater than G in or T c was greater than G in , which can occur when T c is overestimated.
Since the b value was dependent on T c , alternate b values were evaluated using three different transport capacity 
(kg m −1 s −1 ) SE [b] between G out and T c CV [b] between G out and T c [a] G out = measured sediment output, and G in − G out = sediment accumulated.
[b] SE = standard error, and CV = coefficient of variation. Calculation of average b values by using three methods of defining the transport capacity (T c ) . [a] High β and standard deviation due to high estimation of one T c value. [b] Negative β values show situations in which some of the individual experimental repetitions showed either higher T c values than G in or higher G out than G in .
determinations: (1) T c was assumed to be equal to the sediment output from the end of the rill and is represented by b (table 5) ; therefore, it was important to determine how flow depth interacted with rainfall intensity for the calculation of b.
A multiple regression model to estimate the b factor was developed relating b to the flow depth and rainfall intensity.
The multiple regressions helped determine the relative importance of rainfall intensity and flow depth for estimating b. Multiple regressions were conducted separately for the sand, glass beads, and aggregates because of the differences in particle densities, sizes, and shapes that have an effect on their transport capacity. As expected, the b values calculated by setting the transport capacity equal to the output sediment provided the best fit as indicated by greater adjusted R 2 values for all sediment types, as well as from the lesser standard errors (table 6) .
In table 7, the actual coefficients of the multiple regressions are reported (where b = Coef1*(rainfall intensity) + Coef2*(flow depth)). Table 7 also shows the importance of each factor (rainfall or flow depth) through the t-statistic and P-value. When the P-value is closer to 0, the factor was more significant, and therefore flow depth was the most important factor overall (table 7) . When calculating b (T c = Table 6 . Comparison of the three methods to calculate b by using a multiple regression analysis in which b is estimated based on rainfall intensity and flow depth. 
Sediment Type Statistic
where R is the rainfall intensity (mm h −1 ), and F is the water flow depth (m). A test to appreciate the applicability of this equation for sand at 5% slope is presented in table 8. The data used in this example were not used in the original determination of b and are therefore independent. Table 8 shows a comparison of using equation 7 for calculating b as compared to the standard practice of using 0 for equilibrium conditions (G in = G out ), 0.5 for shallow flows, and 1 for other conditions. The results show that the G out calculated with the equation of b (T c = G out ) matched closely the measured value as compared to using the fixed values of 0, 0.5, and 1. Although the table only shows a limited example using sand, a similar improvement of estimation of deposition in rills under rainfall and shallow flows can be made using lesser density and finer-sized soil particles, as the experiments with aggregates show. Furthermore, if a fixed value is to be used for b when simulating deposition of non-cohesive sediment under shallow flows in a rill, the value should probably be less than the 0.5 currently used, as all these experiments showed.
SUMMARY AND CONCLUSIONS
Laboratory experiments were conducted to study the influence of rainfall intensity and flow depth on deposition of non-cohesive soil in a rill. Results showed that deposition as affected by both rainfall intensity and flow depth was dependent on the particle type and its physical properties. For example, deposition of sand with specific gravity of 2.65 was not significantly affected by different rainfall intensities for the flows and slopes tested. However, a significant effect of rainfall intensity on deposition was seen in the experiments carried out using less-dense plastic/glass aggregates and fine-sized glass beads in a high-deposition regime. Experiments with glass beads and aggregates under greater interrill contributions showed that deposition was greater with the 80 mm h −1 rainfall and was less with the 0 and 160 mm h −1 rainfalls. Increased turbulence from the 160 mm h −1 rainfalls can explain the reduced deposition rates at the greater rainfall intensity. During no rainfall, water flow was not evenly distributed on the surface of the rill, causing meandering and concentrated flows, which may have caused increased scouring and therefore less deposition. Results show that low or medium rainfall intensities may have the positive effect of reducing erosion in rills when compared to either no rainfall or high-intensity rainfall. However, further experiments are needed to determine if the peak effect is at 80 mm h −1 or at lower intensities, and to show how this effect is related to other properties such as flow depth, sediment type, slope, and interrill contribution.
A set of experiments conducted to study the influence of infiltration on deposition under rainfall showed that at slopes less than 3% there was more deposition when the rill was in a saturated stage than in an unsaturated or active infiltration stage. At slopes greater than 3%, the opposite was true. Active infiltration may cause a suction effect on flows and sediment, inducing deposition. However, active infiltration also meant that flows had slightly less water than saturated conditions because part of this water was being infiltrated. It is therefore possible that at lower slopes in the saturated stage, slightly greater flow depths and therefore less turbulence induced by rainfall led to greater deposition. At steeper slopes under saturated conditions, greater detachment occurred because the flow depth may have been sufficiently shallow to allow rainfall to cause more turbulence. More research is needed to establish relationships between sediment deposition and slope, particle type, flows, and infiltration.
Modeling deposition using the WEPP equations showed that a b turbulence factor equal to 0.5, as used in the WEPP model for flow in a rill with the influence of rainfall, did not adequately predict the deposition on the bed for these experiments using non-cohesive sediment. Calculated bĂval-ues for experiments using the measured sediment transport capacity (T c = G out ) ranged from 0.0156 to 0.0219 for sands, from 0.0412 to 0.0505 for glass beads, and from 0.0042 to 0.0054 for the larger but less dense plastic/glass aggregates. However, b values calculated using the Yalin estimated T c for the same experiments ranged from 0.0132 to 0.0520 for sands, from 0.0070 to 0.0380 for glass beads, and lower than 0.0035 for the aggregates. These results show the dependency of b on T c ; therefore, it is recommended that further review of the WEPP equations be made, with consideration that lesser b values may be more appropriate for non-cohesive soils than the default value of 0.5 currently used, at least for the range of flow depths observed in these experiments. Lowering the b value in the WEPP equation would reduce deposition rates and potentially increase sediment transported through a rill that is in a depositional mode. This would not have direct implications on detachment rates but only on where the sediment is deposited.
Alternatively, other transport capacity equations should be examined and adjusted to predict deposition in conditions of shallow and turbulent flow for sands and for particles of different densities. Changing the transport capacity would have implications on detachment as well as deposition. Further experiments with smaller particles of different densities and different flow conditions should be performed in order to establish a more global function that relates b to rainfall intensity, sediment type, and flow depth.
